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TRANSGENIC PRODUCTION OF OLIGOSACCHARIDES 

AND GLYCOCONJUGATES 

PRODUCTION TRANSGENIQUE D ' OLIGOSACCHARIDES 
ET DE GLYCOCONJUGUES 

PRIETO, Pedro, Antonio; SMITH, David, Fletcher; 

CUMMINGS, Richard, Dale; KOPCHIK, John, Joseph; 

MUKERJI, Pradip; MOREMEN, Kelley, Wilson; PIERCE, 

James, Michael 

ABBOTT LABORATORIES 

English 

Patent 



NUMBER 
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DATE 
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APPLICATION INFO.: WO 1995-US967 19950124 

PRIORITY (ORIGINAL) : US 1994-208889 19940309 

ABEN The invention relates to the milk of a transgenic non-human 

mammal. The milk is characterized in that it contains heterologous 
components produced as the secondary gene products of a heterologous 
gene contained in the genome of the transgenic non-human mammal. The 
heterologous gene encodes a heterologous catalytic entity such as a 
human enzyme selected from the group consisting of 
glycosyl transferases , 

phosphorylases, hydroxylases, peptidases and sulf ©transferases . 
Especially useful in the practice of the invention are human 

glycosyl transferases . The desired heterologous components 
include 

oligosaccharides, glycocon j ugates . The oligosaccharides 

and 

glycoconj ugates may be isolated from the milk of the transgenic mammals 
and used in the preparation of pharmaceuticals, diagnostic 
kits , 

nutritional products and the like. The whole transgenic milk may also be 
used to formulate nutritional products that provide special advantages. 
The transgenic milk may also be used in the production of specialized 
enteral nutritional products. 
ABF L 1 invention se rapporte au lait d ! un mammifere transgenique autre 

que l'homme. Ce lait se caracterise en ce qu'il contient des composants 
heterologues obtenus sous forme de produits geniques secondaires d'un 
gene heterologue contenu dans le genome du mammifere transgenique. Le 
gene heterologue code une entite catalytique heterologue, telle qu ' une 
enzyme humaine selectionnee dans le groupe compose de 

glycosyl transferases, phosphorylases, hydroxylases, peptidases, 

et 

sulf ©transferases . Des glycosyl transferases humaines sont 
notamment 

utiles dans la'mise en application de 1' invention. Les composants 
heterologues desires comprennent des oligosaccharides et des 
glycoconjugues . Les oligosaccharides et les glycocon j ugues 
peuvent etre 

isoles du lait des mammiferes t ransgeniques et utilises dans la 
preparation de produits pharmaceutiques, de kits diagnostiques, 

de 

produits, nutritionnels et analogues. Le lait entier transgenique peut 
etre egalement utilise pour formuler des produits nutritionnels qui 
presentent des avantages specif iques. Ce lait transgenique peut aussi 
etre utilise dans la production de produits nutritionnels enteriques 



specialises . 
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ABEN The invention relates to humanized milk. The milk is produced by 

a non-human transgenic mammal wherein the genome of said transgenic non- 
human mammal contains at least one heterologous gene encoding for a 
human catalytic entity and wherein the catalytic entity produces 

oligosaccharides and glycoconj ugates that are present • in the 
milk of 

said transgenic non-human mammal. An especially useful catalytic entity 
is human glycosyl transferases which produce 
oligosaccharides and 

glycoconjugates . A method of obtaining humanized milk is disclosed. The 
method comprises the steps of (a) inserting into the genome of a non- 
human mammal a heterologous gene encoding the production of a human 
catalytic entity wherein said catalytic entity produces a secondary gene 
product in the milk of said non-human mammal; and (b) milking said non- 
human mammal. The humanized milk may be used in the preparation 
of an 

enteral nutritional product useful in the nutritive maintenance of an 
animal . 

ABF L 1 invention concerne du lait humanise. Le lait est produit par un 

mammifere transgenique non humain, le genome de ce dernier contenant au 
moins un gene heterologue codant pour une entite catalytique humaine, 
laquelle produit les oligosaccharides et les glycoconj ugues 
presents 

dans le lait dudit mammifere. L'entite catalytique part iculierement 
utile est constituee de glycosyl transferases humaines 
produisant des 

oligosaccharides et des glycoconj ugues . L' invention concerne 
egalement 

un procede de production de lait humanise qui consiste a: (a) introduire 
dans le genome d'un mammifere non humain un gene heterologue codant la 
production d'une entite catalytique humaine, laquelle engendre un 
produit genique secondaire dans le lait dudit mammifere non humain; et 
(b) a traire ledit mammifere non humain. Ce lait humanise peut etre 
utilise dans la preparation d'un produit nutritif enteral utile 
dans 

1 ' alimentation d'un animal. 
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Patent 
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US 1994-209132 19940309 
The invention relates to transgenic non-human mammals 
characterized in that the genome of said mammals contain at least one 
heterologous gene encoding for the production of heterologus catalytic 
entity selected from the group consisting of enzymes and antibodies, and 
wherein said catalytic entity produces a second heterologous product in 
the milk of said mammal. Especially useful in the practise of the 
invention are human glycosyl transferases and transgenic sheep, 
goats and 

cows. The heterologous product includes oligosaccharides and 
glycoconjugates . 

L f invention se rapporte a des mammiferes transgeniques autres que 

1 ' homme qui se caracterisent en ce que leur genome contient au moins un 

gene heterologue codant pour la production d ! une entite catalytique 

heterologue selectionnee dans le groupe compose d 1 enzymes et d'anticorps, 

cette entite catalytique formant un second produit heterologue dans le 

lait du mammifere. Les glycosyl transferases humaines ainsi que 

les 

moutons, les chevres et les vaches transgeniques sont particulierement 
utiles dans la mise en application de 1' invention. Le produit 
heterologue comprend des oligosaccharides et des 
glycoconj ugues . 
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PRODUCTION OF FUCOSYLATED CARBOHYDRATES BY 
ENZYMATIC FUCOSYLATION 

SYNTHESIS OF SUGAR 
NUCLEOTIDES; AND IN SITU REGENERATION 
OF GDP-FUCOSE 

PREPARATION D' HYDRATES DE CARBONE FUCOSYLES 
PAR SYNTHESE A 

FLUCOSYLATION ENZYMATIQUE DE NUCLEOTIDES DE SUCRES, ET 
REGENERATION IN 
SITU DE GDP-FUCOSE 

WONG, Chi-Huey; ICHIKAWA, Yoshitaka; SHEN, Gwo-Jenn; 
LIU, Kun-Chin 

THE SCRIPPS RESEARCH INSTITUTE 

English 

Patent 



NUMBER 



KIND 



DATE 
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WO 
US 



1992-US8789 
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US 1992-901260 19920619 

US 1992-910612 19920708 

US 1992-961076 19921014 
ABEN This invention contemplates improved methods of enzymatic 
production of carbohydrates especially fucosylated 
carbohydrates . 

Improved syntheses of glycosyl 1- or 2-phosphates using both 
chemical 

and enzymatic means are also contemplated. The phosphorylated glycosides 
are then used to produce sugar nucleotides that are 
in turn used as 

donor sugars for glycosylation of acceptor 
carbohydrates. Especially 

preferred herein in the use of a disclosed method for f ucosylat ion . 
ABF L' invention se rapporte a des procedes de production enzymatique 

d'hydrates de carbone, en particulier des hydrates de carbone fucosyles. 
Des syntheses ameliorees de 1- ou 2-phosphates de glycosyle, 
ef fectuees 

a la fois par 1 ' intermediaire de moyens enzymatiques et de moyens 
chimiques sont egalement decrits. Les glucosides phosphoryles sont 
ensuite utilises pour produire des nucleotides de sucres qui sont a leur 
tour utilises comme sucres donneurs pour la glycosylation d'hydrates de 
carbone accepteurs . L ' utilisation d f un procede de fucosylation decrit 
est particulierement preferee. 
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OLIGOSACCHARIDE ENZYME SUBSTRATES AND 
INHIBITORS: METHODS AND 
COMPOSITIONS 

OLIGOSACCHARIDES SERVANT DE SUBSTRATS ET 
D ' INHIBITEURS D ' ENZYMES : 
PROCEDES ET COMPOSITIONS 

WONG, Chi-Huey; ICHIKAWA, Yoshitaka; SHEN, Gwo-Jenn 

THE SCRIPPS RESEARCH INSTITUTE 
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Patent 
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KIND 
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1991- 738211 

1992- 852409 

ABEN Oligosaccharide compounds that are substrates and inhibitors of 
glycosyltransferase and glycosidase enzymes and compositions 
containing 

such compounds are disclosed. A method of glycosylation is also 
disclosed. An E. coli transformed with phagemid CMPSIL-1, which phagemid 
comprises a gene for a modified CMP-sialic acid synthetase 
enzyme, which 

transformed E. coli has the ATCC accession No. 68531 is also provided. 
ABF Composes oligosaccharides constituant des substrats et des 

inhibiteurs des enzymes glycosyltransferase et glycosidase et 
composition contenant ces composes. On decrit egalement un procede de 
glycosylation, ainsi qu 1 un E. coli transforme avec du phagemide CMPSIL-1, 
lequel phagemide comprend un gene pour l 1 enzyme synthetase 
d f acide CMP- 

sialique modifiee, 1 ! E. coli transforme ayant recu le numero 
d ! enregistrement ATCC 68531. 
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RECOMBINANT beta-1,4 GLUCAN SYNTHASE 
PROTEINS 

PROTEINES RECOMB I NANTES DE beta-1,4 GLUCANE 
SYNTHASE 

SAXENA, Inder, M. , Jr.; LIN, Fong, Chyr; BROWN, R . , 
Malcolm, Jr. 

THE BOARD OF REGENTS, THE UNIVERSITY OF TEXAS SYSTEM; 
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Patent 
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WO 1991-US1726 19910314 
US 1990-494093 19900315 
The present invention relates to the compositions and methods 
associated with the cloning of the subunits of beta-1,4 glucan 
synthases 

responsible for catalyzing beta-1,4 glucan polymer biosynthesis. The 
invention relates further to compositions and methods for obtaining host 
cells containing recombinant beta-1, 4 glucan synthases as well 
as 

compositions and methods for obtaining beta-1,4 glucan synthase 
from 

natural sources. In certain aspects, the present invention provides 
methods for the cloning of both the 83 Kd subunit and the 93 Kd subunit 
of the cellulose synthase enzyme from Acetobacter xylinum. 
Compositions et procedes associes au clonage de sous-unites de 
beta-1,4 glucane synthase servant a catalyser la biosynthese du 
polymere 

beta-1,4 glucane. La presente invention a egalement trait a d'autres 
compositions et procedes permettant d'obtenir des cellules hotes 
contenant des beta-1,4 glucane synthases recombinantes et a des 
compositions et procedes permettant d'obtenir la beta-1,4 glucane 

synthase de sources naturelles. Sous certains aspects, la 
presente 

invention presente des procedes pour le clonage tant de la sous-unite 83 
Kd et de la sous-unite 93 Kd de 1' enzyme cellulose synthase a 
partir de 

Acetobacter xylinum. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention relates to transgenic non-human mammals characterized in 

that the genome of said mammals contain at least one heterologous gene 
encoding for the production of heterologous catalytic entity selected 
from the group consisting of enzymes and antibodies, and wherein said 
catalytic entity produces a second heterologous product in the milk of 
said mammal. Especially useful in the practice of the invention are 
human glycosyltransf erases and transgenic sheep, goats and cows. The 
heterologous product includes oligosaccharides and glycocon j ugates . 
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.beta .1,4 N-acetylgalactosaminyl trans f erase 
(GM2/GD2/GA2 synthase) forms homodimers in the 
endoplasmic reticulum: a strategy to test for 
dimerization of Golgi membrane proteins 
Zhu, Guofen; Jaskiewicz, Ewa; Bassi, Rosaria; Darling, 
Douglas S./ Young, William W., Jr. 

Departments of Biological and Biophysical Sciences and 
Biochemistry, Schools of Dentistry and Medicine, 
University of Louisville, Louisville, KY, 40292, USA 
Glycobiology (1997), 7(7), 987-996 
CODEN: GLYCE3; ISSN: 0959-6658 
Oxford University Press 
Journal 
English 

Many Golgi membrane-bound glycosyl transferases exist as 
intermol. disulfide bonded species, some of which have been demonstrated 
to be homodimers. Evidence for homodimer formation has come primarily 
from radiation inactivation expts. We utilized an alternative strategy to 
test for homodimer formation of the cloned .beta. 1,4 N- 

acetylgalactosaminyltransf erase (GalNAcT) responsible for synthesis of the 
glycosphingolipids GM2 , GD2 , and GA2 . We stably transfected CHO cells 
with myc epitope-tagged GalNAcT, which localizes primarily to the Golgi, 
and a hemagglutinin (HA) epitope-tagged GalNAcT fusion 
protein in which the cytoplasmic domain of GalNAcT was replaced by 
an ER retention signal. We then sought evidence for dimer formation 
between the two forms of GalNAcT. Immunopptn. with anti-myc or anti-HA 
co-immunopptd . the HA-tagged form or the myc-tagged form, resp., providing 
evidence for the phys . assocn. of the two forms of GalNAcT. As a result 
of this assocn., GalNAcT/myc increased in the ER as demonstrated by 
Western blots and immunofluorescence. The rapid formation of dimers 
provided further evidence for dimer formation occurring in the ER. In 
summary, these results demonstrate that GalNAcT forms homodimers as a 
result of intermol. disulfide bond formation in the ER. Furthermore, this 
ER motif strategy is potentially useful for demonstrating homodimer 
formation of other Golgi enzymes. 
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AB A method of altering the patterns of glycosidation of proteins 
manufd. in a yeast host by expression of genes for mammalian 
glycosyl transferases is described. The mammalian genes may 
included in chimeric genes with those for fungal 

glycosyl transferase, e.g to ensure targetting of the enzyme to the 
correct organelle. A chimeric gene for a fusion 



protein of a human galactosyltransf erase and a yeast 

mannosyltransf erase using the anchor domain of the mannosyltransf erase was 
constructed by std. methods and expressed in Saccharomyces cerevisiae 
using the GAL10 promoter. The galactosyltransf erase manufd. in yeast had 
the same Km (44 .mu.M) as the human form for UDP-galactose and had a Vmax 
of 0.184 vs. 0.7 .mu.mol/min/mg protein. 
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AB A method for isolating a gene, comprising: (1) isolating a cell 

a post-translational characteristic of interest, said post-translat ional 
characteristic being the presence of a membrane-bound oligosaccharide or 
polysaccharide of interest on the surface of said cell, the presence of a 
sol. oligosaccharide or polysaccharide of interest in an ext. of said 
cell, or the presence of a particularly glycosyltransf erase 
activity in an ext. of said cell; (2) creating a genetic library of either 
cDNA or genomic DNA from the genetic material of said isolated cell; (3) 
transforming host cells with said genetic library; and (4) screening said 
transformed host cells for a host cell contg. said post-translational 
characteristic, thereby obtaining a cell contg. said gene, is disclosed. 



The method can be used to obtain genes encoding 

glycosyl transferases . Esp. plasmid vectors for expression of 

fucosyltransf erase fusion proteins are described. 

Many alternative fucosyltransf erase I I I-f ucosyltransf erase TVI 

chimeric genes are included. 
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CORPORATE SOURCE: MUCAB (Macquarie University Center for Analytical 

Biotechnology) School of Biological Sciences, 
Macquarie University, Sydney, 2109, Australia 

SOURCE: Biochemistry (1997), 36(13), 4034-4040 

CODEN: BICHAW; ISSN: 0006-2960 

PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB To identify and analyze acceptor sequences for O-glycosylat ion, we have 
developed an in vivo system expressing short peptides as glutathione 
S-transf erase fusion proteins in the eukaryotic host Dictyostelium 
discoideum. Using this approach, we show that a short peptide motif 
(PTVTPT) , present in the D. discoideum cell-surface glycoprotein PsA, is 
sufficient as a signal for O-glycosylation, even when fused to a 
heterologous protein. Monosaccharide anal, and solid-phase protein 
sequencing showed that the modification is a single N-acetylglucosamine 
attached to threonine residues. This was further confirmed by 
electrospray-mass spectrometry. The O-linked glycosylation of both this 
peptide and authentic PsA presents the modB-dependent carbohydrate- 
specific epitope identified by the monoclonal antibody MUD50. 
Substitution of threonine by serine residues in this peptide also yields a 
glycosylated fusion protein which is modified with single 

N-acetylglucosamine residues, but not all of the serines are glycosylated. 
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questions than answers 
AUTHOR(S): Colley, Karen J. 

CORPORATE SOURCE: College of Medicine, University of Illinois, Chicago, 
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SOURCE: Glycobiology (1997), 7(1), 1-13 
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LANGUAGE: English 

AB A review with .apprx.55 refs. The structures of cellular oligosaccharides 
are detd. by a series of processing reactions catalyzed by Golgi 
glycosidases and glycosyltransf erases . While there are subtle 
cell type differences in Golgi enzyme subcompartmentation, in general, 
glycosylation enzymes are localized within the Golgi cisternae in the same 
sequence in which they act to modify oligosaccharide substrates. The 
possibility that this enzyme subcompartmentation may control the types of 
oligosaccharides expressed by a cell has led to an interest in the signals 
and mechanisms directing enzyme localization in the Golgi cisternae. All 
glycosidases and glycosyltransf erases characterized thus far 
have very little sequence homol . that might suggest a common Golgi 
retention signal, but they do share a similar domain structure. They are 
all type II transmembrane proteins consisting of an amino 



terminal cytoplasmic tail, a signal anchor transmembrane domain, a stem 
region, and a large luminal catalytic domain. Their lack of sequence 
homol. suggests that these proteins' Golgi retention signals are 
not linear amino acid sequences, but most likely involve general 
characteristics or conformations or larger protein domains. The peptide 
sequences required for Golgi retention of the N- 
acetylglucosaminyl transferase I (GlcNAcTI) , .beta. 1,4- 

galactosyltransf erase (GalT) and . alpha . 2, 6-sialyltransf erase (ST) have 
been extensively studied. To do this, researchers created mutant and 
chimeric proteins, expressed these in tissue culture 
cells, and localized these proteins using immunofluorescence 
microscopy. The cell surface expression of deletion mutants suggested 
that the deleted sequences were necessary for Golgi retention. Then, if 
these sequences were fused to an non-Golgi reporter protein and this 
chimeric or hybrid protein was retained in the Golgi, then these 
sequences were also sufficient for Golgi retention. Due to differences in 
reporter proteins used to construct these chimeric 
proteins, different cell types used for protein expression, 
different levels of protein expression, and different methods of cell 
surface protein detection, these expts. have led to somewhat confusing 
results. However, in general, it appears that the GalT relies primarily 
on its transmembrane domain for Golgi retention, while the GlcNAcTI and ST 
have requirements for their transmembrane regions, sequences flanking 
these regions, and luminal stem sequences. Based on these results, two 
potential Golgi retention mechanisms have been proposed and are now being 
tested. The observation that glycosyl transferase transmembrane 
domains are frequently sufficient for Golgi retention has led to the first 
of these models, the bilayer thickness model. This model proposes that 
the shorter transmembrane domains of Golgi proteins prevent them 
from entering cholesterol-rich transport vesicles destined for the plasma 
membrane, and that this leads to Golgi retention. The second of these 
models is supported by the role of multiple protein domains in the Golgi 
retention of some proteins. This model, the 

oligomerization/kinetics recognition model of Golgi retention, proposes 
that the formation of insol. protein homo-oligomers or very large 
hetero-oligomers prevents protein movement into transport vesicles 
destined for later compartments. Initial work suggests that the bilayer 
thickness mechanism may play a role in the retention of some Golgi 
retained proteins; however, it is not the sole retention 
mechanism. Other evidence suggests that an oligomerization/kinetics 
recognition mechanism may be more common, but definitive proof for its 
general use in Golgi protein retention is lacking. More research is 
required to further elucidate the sequences and particularly the 
mechanisms of Golgi retention. In the future, the authors hope to be able 
to explain the cell type differences in glycosylation enzyme Golgi 
subcompartmentation, the different sequence requirements for the Golgi 
retention of the same enzyme in various cell types, and whether 
differences in glycosylation enzyme Golgi subcompartmentation change the 
types of oligosaccharides made by a cell. 
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AB A method for the expression of glycosyltransf erase in 

Aspergillus with increased level of secretion is described. The method 
consists of expression of a chimeric DNA comprised from 5' -terminus of (1) 
a signal sequence; (2) a DNA sequence encoding a secreted protein of a 
filamentous fungi, preferably Aspergillus; (3) a DNA sequence encoding a 
cleavable linker; and (4) a DNA sequence encoding a 
glycosyltransf erase . Prepn. of a fusion protein 

consisting of a truncated form of . alpha . -2, 3-sialyltransf erase and the 
entire glucoamylase and expression of the fusion protein 
in Aspergillus niger var. awamori were demonstrated. 
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AB Monogalactosyldiacylglycerol (MGDG) synthase (UDPgalactose : 1, 2- 

diacylglycerol 3- . beta . -D-galactosyltransf erase; EC 2.4.1.46) catalyzes 
formation of MGDG, a major structural lipid of chloroplast. We cloned a 
cDNA for the synthase from cucumber cDNA library. The full-length cDNA 
clone was 2142 bp, and it contains a 1575-bp open reading frame encoding 
525 aa . The open reading frame consists of the regions for a mature 
protein (422 aa; Mr of 46,552) and transit peptide to chloroplast (103 
aa) . Although the mol . wt . of mature protein region matched that purified 
from cucumber cotyledons, it was quite different from those purified from 
spinach {.+-.20 kDa) reported by other groups. The mature region of the 
protein was expressed in Escherichia coli as a fusion 
protein with glutathione S-transf erase . The expression in E. coli 
showed that the protein catalyzed MGDG synthesis very efficiently. 
Therefore, we concluded that the cDNA encodes MGDG synthase in cucumber. 
In addn., the deduced amino acid sequence of the MGDG synthase cDNA showed 
homol . with MurG of Bacillus subtilis and E. coli, which encode a 
glycosyl transferase catalyzing the last step of pept idoglycan 
synthesis in bacteria. This sequence homol. implies that the machinery of 
chloroplast membrane biosynthesis is evolutionarily derived from that of 
cell wall biosynthesis in bacteria. This is consistent with the 
endosymbiotic hypothesis of chloroplast formation. 
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AB When . alpha .( 1 , 2 ) f ucosyltransf erase cDNA is expressed in cells that 
normally express large amts. of the terminal carbohydrate 
Gal . alpha .( 1, 3) Gal, and therefore the . alpha .( 1 , 3 ) galactosylt rans f erase 
(GT), the Gal . alpha .( 1, 3) Gal almost disappears, indicating that the 
presence of the . alpha .( 1 , 2 ) fucosyltrans f erase (HT) gene/enzyme alters the 
synthesis of Gal . alpha . ( 1 , 3 ) Gal . A possible mechanism to account for 
these findings is enzyme location within the Golgi app. We examd. the 
effect of Golgi localization by exchanging the cytoplasmic tails of HT and 
GT; if Golgi targeting signals are contained within the cytoplasmic tail 
sequences of these enzymes then a tail switch would permit GT first access 
to the substrate and thereby reverse the obsd. dominance of HT. Two 
chimeric glycosyltransferase proteins were 

constructed and compared with the normal glycosyl transferases 

after transfection into COS cells. The chimeric enzymes showed 

Km values and cell surface carbohydrate expression comparable with normal 

glycosyl transferases . Coexpression of the two chimeric 

glycosyltransferases resulted in cell surface expression of 

Gal . alpha .( 1, 3) Gal, and virtually no HT product was expressed. Thus the 

cytoplasmic tail of HT dets. the temporal order of action, and therefore 

dominance, of these two enzymes. 
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AB Our goal was to engineer a Golgi glycosyltransferase 

epitope-tagged on its cytoplasmically exposed, short, N-terminal domain 
that gave normal subcellular localization. Partial replacement of the 
cytoplasmic tail of human . alpha . -2 , 6-sialyltransf erase (SialylT) with the 
neg. charged myc or FLAG epitope resulted in almost complete 
mislocalization of the chimera expressed in Vero cells. A granular 
cytoplasmic staining pattern was seen by immunofluorescence. Spacing the 
neg. charged residues progressively outward from the neg. N-terminus 
resulted in increasingly more normal localization of myc or FLAG-tagged 
protein to a juxtanuclear Golgi-like distribution. Substitution of a 
neutrally charged VSV-G sequence for these tags resulted in normal 
localization of the chimera to the juxtanuclear Golgi region. Insertion 
of the myc epitope within the N-terminal domain of the short form of 
bovine . beta . -1 , 4-galactosyltransf erase (GalT) gave a chimeric 
protein that mislocalized in BHK cells. No signal was detected 
with a monoclonal anti-epitope antibody indicating that the myc epitope 
was masked. Placement of myc or FLAG epitopes at the NH2-terminus of 
human N-acetylglucosaminyltransf erase I (GlcNAc-T) resulted in 
chimeric proteins that in Vero cells displayed little 



Golgi localization. We conclude that positioning of neg. charge, in 
particular, close to the membrane, typically produces a failure of type II 
Golgi glycosyl transferases to exit the endoplasmic 

reticulum/cis-Golgi network, presumably due to quality control mechanisms. 
These proteins may be successfully epitope-tagged on their 
N-terminal domain either using a neutral or pos . charged sequence or 
spacing any neg. charged sequence out from the membrane. 
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AB The f ucosyltransferases constitute a family of 

glycosyl transferases incorporating fucose residues into 
glycoprotein or glycolipid glycans . They afford one of the possible 
termination steps of glycocon j ugate biosynthesis creating the sialyl 
Lewisx or sialyl Lewisn determinant, which play an important role in 
cell-cell interaction. Whereas cDNA, chromosomal localization, and 
kinetic properties of a no. of fucosyltransf erases are known, 
immunocytochem. localization and trafficking, studies have been delayed 
because of the lack of specific antibodies due to the pronounced homol . of 
. alpha . 1, 3-fucosyltransf erases III, V, and VI. Here, the development and 
characterization of monospecific polyclonal antibodies to 
.alpha. 1-3-fucosyltransf erase V (FucT-V) and their application for 
immunodetection in transfected cells are reported. Antisera against 
FucT-V were raised in 2 different ways: 1st by producing a fusion 
protein . beta . -galactosidase-FucT-V in Escherichia coli, and by 
synthesizing a peptide stretch specific for FucT-V. Polyclonal antisera 
were raised against each of both antigens and characterized by ELISA, 
neutralization of activity, immunoblotting, immunofluorescence, and 
immunopptn. of metabolically labeled COS cells, transiently transfected 
with cDNA encoding FucT-V. Both antibodies recognized only FucT-V. No 
crossreactivity to FucT-III or FucT-VI was obsd. FucT-V was localized 
mainly to the Golgi app . by colocalization with .beta. 1,4- 
galactosyltransf erase, and to the cell surface of COS, CHO, and HeLa 
cells. Expression of FucT-V in COS cells revealed 3 isoforms of 58, 53 
and 50 kDa, resp. These size differences arose by posttranslat ional 
modifications, as shown by pulse-chase expts. The results indicate that 
. alpha . 1-3-fucosyltransf erase is a Golgi-assocd . enzyme and suggest its 
possible occurrence on the cell surface. 
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AB To analyze the mechanism of integral membrane protein localization in the 



early Golgi app. of Saccharomyces cerevisiae, the authors have used Ochlp, 
a cis-Golgi mannosyltransf erase . A series of influenza virus 
hemagglutinin (HA) epitope-tagged fusion proteins was 

constructed in which invertase is appended to the Golgi-luminal carboxy 
terminus of full-length Ochlp. Several constructs included a Kex2p 
cleavage site between the Ochlp and invertase moieties to monitor transit 
to the Kex2p-contg. TGN . Cells expressing an Ochlp-invertase fusion do 
not secrete invertase, but those expressing an 0chlp-Kex2p site-invertase 
fusion protein secrete high levels of invertase in a 
Kex2p-dependent manner. The 0chlp-Kex2p site-invertase fusion 
protein is cleaved with a half-time of 5 min, and the process 
proceeds to completion. Before cleavage the protein receives glycosyl 
modifications indicative of passage through the medial- and trans-Golgi; 
therefore, cleavage occurs after ordered anterograde transport through the 
Golgi to the TGN. Transit to distal compartments is not induced by the 
invertase moiety, since noninvertase fusion constructs encounter the same 
glycosyl transferases and Kex2p as well . The Ochlp-HA moiety, 
irresp. of whether it is generated by cleavage of the fusion 
protein in the TGN or synthesized de novo, is degraded with a 
half-time of about 60 min. Thus, the half-time of degrdn. is 12-fold 
longer than the time required to reach the TGN. At steady state, de 
novo-synthesized and TGN-generated HA epitope-tagged Ochlp reside in a 
compartment with a buoyant d. identical to that of wild-type Ochlp and 
distinct from that of the vacuole or the TGN. Finally, ochl null cells 
that express an Ochlp fusion construct known to rapidly encounter the TGN 
glycosylate invertase to the same extent as wild-type cells, indicating 
that they have phenotypically wild-type Ochlp activity. These results led 
the authors to propose a model for Ochlp-HA localization that involves 
movement to distal compartments, at least as far as the TGN, followed by 
retrieval to the cis compartment, presumably by vesicular transport. 
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AB Gene fusions encoding the membrane anchor region of yeast 

. alpha . 1 , 2-mannosyltransf erase (Mntlp) fused to human .beta. 1,4- 
galactosyltransf erase (Gal-Tf) were constructed and expressed in the yeast 
Saccharomyces cerevisiae. Fusion proteins contg. 82 
or only 36 N-terminal residues of Mntlp were produced and quant. 
N-glycosylated; glycosyl chains were shown to contain .alpha. 1,6-, but not 
. alpha . 1, 3-mannose determinants, a structure typical for an early Golgi 
compartment. A final Golgi localization of both fusions was confirmed by 
sucrose gradient fractionations, in which Gal-Tf activity cof ract ionated 
with Golgi Mntlp activity, as well as by immunocytol . localization expts. 
using a monoclonal anti-Gal-Tf antibody. In an in vitro Gal-Tf enzymic 
assay the Mntl/Gal-Tf fusion and sol. human Gal-Tf had comparable Km 
values for UDP-Gal (about 45 .mu.M). To demonstrate in vivo activity of 
the Mntl/Gal-Tf fusion the encoding plasmids were transformed in an algl 
mutant, which at the non-permissive temp, transfers short (GlcNAc)2 
glycosyl chains to proteins. Using specific lectins the addn. of 
galactose to several yeast proteins in transf ormants could be detected. 
These results demonstrate that Gal-Tf, a mammalian 
glycosyl transferase, is functional in the mol . environment of the 



yeast Golgi, indicating conservation between yeast and human cells. The 
in vivo function of human Gal-Tf indicates that the yeast Golgi is 
accessible for UDP-Gal and suggests strategies for the construction of 
yeast strains, in which desired glycoforms of heterologous proteins are 
produced . 
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DNA fragment of 



S. antibioticus, an oleandomycin 
producer, conferring resistance to oleandomycin was sequenced and found to 
contain an open reading frame of 1710 bp (oleB) . Its deduced gene product 
(OleB) showed a high degree of similarity with other proteins belonging to 
the ABC-transporter superfamily, including the gene product of another 
oleandomycin-resistance gene (OleC) . The OleB protein contains 2 
ATP-binding domains, each of .apprx.200 amino acids in length, and no 
hydrophobic transmembrane regions. Functional anal, of the oleB gene was 
carried out by deleting specific regions of the gene and assaying for 
oleandomycin resistance. These expts. showed that either the 1st or the 
2nd half of the gene contg. only 1 ATP-binding domain was sufficient to 



confer resistance to oleandomycin. The gene oleB was expressed in 
Escherichia coli fused to a maltose-binding protein (MBP) using the 
pMal-c2 vector. The MBP-OleB hybrid protein was purified by affinity 
chromatog. on an amylose resin and polyclonal antibodies were raised 
against the fusion protein. These were used to 

monitor the biosynthesis and phys . location of OleB during growth. By 
Western anal., the OleB protein was detected both in the sol. and in the 
membrane fraction and its synthesis paralleled oleandomycin biosynthesis. 
A Streptomyces albus strain, contg. both a glycosyl transferase 
(OleD) able to inactivate oleandomycin and the OleB protein, was capable 
of glycosylating oleandomycin and secreting the inactive glycosylated mol . 
It is proposed that OleB constitutes the secretion system by which 
oleandomycin or its inactive glycosylated form could be secreted by S. 
antibioticus . 
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The transmembrane domain of Golgi resident proteins such as 
.beta . -galactoside . alpha .2, 6-sialyltransf erase (ST) and 
N-acetylglucosaminyltransf erase 1 (NT) contain a Golgi retention signal 
which confers Golgi retention to reporter proteins appended to 
them in the appropriate context. Thus, chimeras of the cell surface 
protein dipeptidyl peptidase IV contg. the transmembrane domain of ST and 
NT are retained in the Golgi app. in MDCK and COS cells, as assessed by 
indirect immunofluorescence microscopy. Transfection of these 
chimeric constructs into CHO cells, however, results in their 
transport to vesicular structures which do not colocalize with that of an 
endogenous Golgi marker, mannosidase II. Furthermore, the staining 
pattern of these structures are not affected by brefeldin A. Biochem. 
anal, of the transgene products in pulse-chase expts. revealed that the 
chimeric proteins eventually become resistant to 

endoglycosidase H, suggesting that they are transported beyond the medial 
Golgi and therefore the vesicular structures are likely to be post-Golgi. 
The vesicular structures colocalized well with a lysosomal marker, 
cathepsin D, and also with internalized FITC-dextran chased into the 
lysosomal compartment. Monitoring the cell surface appearance of the 
chimeric protein suggests that the majority is 

transported directly to the lysosomal compartment. Golgi retention can be 
completely restored for ST and improved for NT by the inclusion of 
sequences flanking the transmembrane domain. Our results reflect cell 
type differences in the interpretation of the transmembrane domain Golgi 
retention signal, established that general Golgi retention of type II 
glycosyl transferases requires the hydrophilic flanking sequence as 
well as the transmembrane domain, and demonstrate that proteins 
which escape Golgi retention may be channeled to the lysosomal pathway. 
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AB To investigate the function of the membrane anchor region of a mammalian 
glycosyl transferase in yeast we constructed a fusion gene that 
encodes the 34 amino-terminal residues of rat liver . beta . -galactoside 
.alpha. -2, 6-sialyl-transf erase (EC 2.4.99.1) (ST) fused to the mature form 
of yeast invertase. Transf ormants of Saccharomyces cerevisiae expressing 
the fusion gene produced an intracellular heterogeneously N-glycosylated 
fusion protein of intermediate mol . wt . between the core 
and fully extended N-glycosylated form of invertase, suggesting a 
post-endoplasmic reticulum (ER) localization. In two types of cell 
fractionation using sucrose d. gradients the ST-invertase fusion 
protein cof ractionated with Golgi marker proteins, whereas a minor 
fraction (about 30%) comigrated with a vacuolar marker; ST-invertase was 
not detected in other cell fractions, including the ER and the plasma 
membrane. Consistent with Golgi localization, about 70% of the total amt . 
of the ST-invertase fusion was immunopptd. with an antibody directed 
against . alpha .- 1 , 6-mannose linkages. The results demonstrate that the 
membrane anchor region of a mammalian type II glycosyl transf erase 
is able to target a protein to the secretory pathway and to a Golgi 
compartment of the yeast S. cerevisiae, indicating conservation of 
targeting mechanisms between higher and lower eukaryotes. Since typical 
yeast Golgi localization signals are missing in the ST-membrane anchor 
region the results also suggest that yeast as mammalian cells utilize 
diverse mechanisms to direct proteins to the Golgi. 
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AB Bovine acet ylglucosamine . beta . - 1 , 4 -galactosyltrans f erase (EC 2.4.1.90) 
(I) belongs to the glycosyl transf erase family and as such shares 
a general topol.: an N-terminal cytoplasmic tail, a signal anchor followed 
by a stem region, and a catalytic domain at the C-terminal end of the 
protein. CDNA constructs of the N-terminal-deleted forms of I were prepd. 
in a pGEX--2T vector and expressed in E. coli as glutathione S-transf erase 
(GST) fusion proteins. Recombinant proteins 

accumulated within inclusion bodies as insol. aggregates that were 
solubilized in 5M guanidine-HCl and required an oxido-shuf fling reagent 
for regeneration of the enzyme activity. Recombinant I, devoid of the GST 
domain, had 30-85% of the specific activity of bovine milk I with apparent 
Km values for N-acetylglucosamine and UDP-galactose similar to those of 
milk I. Deletion analyses showed that both the I and lactose synthetase 
activities remained intact even in the absence of the 1st 129 residues 
(pGT-dl29) . The activities were lost when either deletions extended up to 
residue 142 (pGT-dl42) or when Cys-134 was mutated to Ser (pGT-dl2 9C1 34 S ) - 
These results suggested that the formation of a disulfide bond involving 
Cys-134 holds the protein in a conformation that is required for enzymic 
activity . 
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AB The .beta. -galactoside . alpha . -2 , 6-sialyltransf erase is a trans 
Golgi/trans Golgi network glycosyl transferase which adds sialic 
acid residues to Asn-linked oligosaccharides of glycoproteins. Previous 
results suggested that the sialyltransf erase stem and signal anchor 
including flanking sequences may be 2 independent Golgi retention regions 
However, other expts. demonstrated that the sequence of the signal anchor 
itself was not important. To investigate whether the sialyltransf erase 
signal anchor was necessary and sufficient for Golgi retention, several 
mutant and chimeric proteins were expressed and 

localized in Cos-1 and CHO cells. The signal anchor and flanking 
sequences were able to retain the sialyltransf erase catalytic domain in 
the Golgi. However, efficient Golgi retention was still obsd. when the 
signal anchor was altered or entirely replaced in either the presence or 
absence of most of the luminal stem region. Chimeric 
proteins consisting of the sialyltransf erase cytoplasmic tail and 
signal anchor fused to the extracellular domains of 2 different cell 
surface proteins demonstrated poor Golgi retention. A 

significant increase in the Golgi retention of 1 of these chimeras was 
obsd. when 2 lysines were placed next to the signal anchor on the luminal 
side. Taken together these results suggest that the sialyltransf erase 
signal anchor is not necessary or sufficient for Golgi retention, rather, 
appropriately spaced cytoplasmic and luminal flanking sequences are the 
important elements of the sialyltransf erase Golgi retention region. 
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AB A cDNA encoding UDP-GlcNAc : Gal . beta . l-3GalNAc-R (GlcNA to GalNAc) 

.beta. l-6GlcNAc transferase (EC 2.4.1.102), which forms crit. branches in 
O-glycans, has been isolated by an expression cloning approach using 
Chinese hamster ovary (CHO) cells. Increased activity of this enzyme and 
the concomitant occurrence of the O-glycan core 2 structure 
[Gal. beta. 1-3 (GlcNAc. beta. 1-6) GalNAc] has been obsd. in a variety of biol 
processes, such as T-cell activation and immunodeficiency due to the 
Wiskott-Aldrich syndrome and AIDS. Since CHO cells do not express this 
enzyme, CHO cell lines were established to stably express polyoma large 
tumor (T) antigen, which enables transient expression cloning. Because 
the antibody used was found to detect most efficiently the ol igosaccharid 
products attached to leukosialin, the CHO cells were also stably 
transfected with leukosialin cDNA. By using this particular CHO cell 



line, a cDNA that encodes a protein detg. the formation of the core 2 
structure was isolated from an HL-60 cDNA library. The cDNA sequence 
predicts a protein with type II membrane topol., as has been found for all 
other mammalian glycosyl transferases cloned to date. The 
expression of the presumed catalytic domain as a fusion 
protein with the IgG binding domain of protein A permitted 
unequivocal demonstration that the cDNA encodes the core 2 

. beta . -1, 6-N-acetylglucosaminyltransf erase, the enzyme responsible for the 
formation of Gal . beta . 1-3 {GlcNAc . beta . 1- 6 ) GalNAc structures. No activity 
with this enzyme was detected toward the acceptors for the . beta . l-6GlcNAc 
transferases . 



